Purpose The recently introduced concept of 'landscape services'-ecosystem services influenced by landscape patterns-may be particularly useful in landscape planning by potentially increasing stakeholder participation and financial funding. However, integrating this concept remains challenging. In order to bypass this barrier, we must gain a greater understanding of how landscape composition and configuration influence the services provided.
Introduction
Landscape patterns emerge from the composition and configuration of its basic elements, and these patterns influence both ecological processes and ecosystem functions (Turner 2005) . This also holds true for ecosystem services, which heavily depend on the health of these functions, and on the spatial interactions and flow between ecosystems and anthropogenic areas (Termorshuizen and Opdam 2009; Syrbe and Walz 2012) . To identify target areas for conservation, restoration, or enhancement of ecosystem services, decision-makers must consider spatial contexts and landscape patterns. Undoubtedly, human population growth has increased the demand for high-quality multifunctional landscapes Garbach et al. 2016) , and created an urgent need for more practical and applicable information to guide efficient decision-making toward this end.
The recently introduced concept of 'landscape services' is an essential part of the emerging field sustainability science (Termorshuizen and Opdam 2009 ). Its primary difference from the 'ecosystem services' concept is the dependence of rendered services on spatial configuration and the influence of elements external to the ecosystem (Bastian et al. 2014) . The landscape services concept encompasses the notion that a complete landscape can provide services through its multi-functionality and the processes that emerge from a set of unique ecosystems (Frank et al. 2012; Hodder et al. 2014) , in both natural and human-modified habitats. This concept may prove useful for landscape planning, as the integration of ecological services could increase stakeholder participation, financial funding, and encompass working landscapes (Chan et al. 2006 (Chan et al. , 2011 Goldman et al. 2008; Carpenter et al. 2009; Duarte et al. 2016) . However, integrating this concept into the planning process remains a global challenge (de Groot et al. 2010) . To bypass this barrier, we must improve our understanding of how particular landscape patterns influence its services (Mitchell et al. 2015) .
Landscape metrics are widely used in studies describing landscape patterns and their relationship to land use/land cover changes, biodiversity distribution, ecological processes, and ecosystem functions (Uuemaa et al. 2013) . However, such analysis requires an awareness of the metrics' interrelationships and redundancy (Cushman et al. 2008 ) and their consistency for landscape management. For this purpose, aggregating landscape metrics into more general groups can facilitate stakeholders' understanding of landscape management (Cushman et al. 2008) .
Previous studies have investigated how specific landscape patterns and features relate to the provision of ecosystem services (e.g., Bastian et al. 2014; Hodder et al. 2014; Chaplin-Kramer et al. 2015; Mitchell et al. 2015) . In addition, recent reviews and quantitative analyses have begun synthesizing available knowledge in this area (Chaplin-Kramer et al. 2011; Garibaldi et al. 2011; Mitchell et al. 2013; Shackelford et al. 2013) ; however, the focus remains on relatively few services and landscape features (e.g., landscape complexity). This study aimed to thoroughly review and evaluate the relationship between several aspects of landscape patterns and certain ecosystem services. The primary target of this research was to provide support for more practical decisionmaking in landscape planning and management in order to ensure the maintenance of key landscape services.
Meta-analysis is the quantitative, scientific synthesis of research results aiming to achieve broad generalizations across a large number of study outcomes (Gurevitch et al. 2018) . Meta-analyses have largely been used in ecology, evolution, and conservation biology (Gerstner et al. 2017) to estimate the overall magnitude of effects, and to identify factors that modulate such effects. In this meta-analytical review, we considered published studies that evaluated indicators of ecosystem services and the landscape patterns to maintain or influence their provision. We hypothesized that (1) landscape complexity would have a significant effect on the provision of all services evaluated due to its relationship with high multifunctionality; (2) for services related directly to fauna biodiversity and water quality, we expected a positive relationship with both landscape aggregation and habitat quantity; and (3) we expected landscape heterogeneity to affect cultural services, as cultural landscapes involve both natural and anthropogenic land types.
Methods

Study selection and inclusion criteria
For the present meta-analyses, we used three distinct approaches to conduct a systematic literature search aimed at collecting the most representative sample of existing primary research studies. First, we used articles already reviewed by Chaplin-Kramer et al. (2011; a meta-analysis of the effect of landscape complexity on pest control services), Garibaldi et al. (2011;  a synthesis regarding landscape effects on the stability of pollination services), Shackelford et al. (2013;  a meta-analysis of landscape and local effects on the abundance and richness of pollinators and natural enemies) and Uuemaa et al. (2013;  a review of trends in the use of landscape metrics). We then performed an extensive search in the Web of Science database, using the keywords ''landscape metrics,'' ''landscape indexes,'' and ''landscape indices'' to complement the research by Uuemaa et al. (2013) which reviewed studies between 2000 and 2010 using the same keywords-by adding studies published between 2011 and 2016. Finally, we reviewed relevant articles provided in the reference lists of all previously selected studies.
The present study only considered studies that used landscape metrics related to empirical data of functions or ecological indicators that directly benefit human well-being. We did not consider habitat function for biodiversity, except when primary studies explicitly cited biodiversity as being (or potentially being) directly related to certain ecosystem services (e.g., pollination and pest control). Furthermore, we chose to exclude habitat function, as this is not the focus of the present research and several previous scientific works and reviews have already studied the effect of landscape patterns on biodiversity and its conservation (Fahrig 2003 (Fahrig , 2017 Uuemaa et al. 2013 ).
In addition, we restricted our research to terrestrial landscapes in rural, agricultural, mixed rural-urban or natural habitats regions, thus excluding strictly urban or marine landscapes. One study inclusion criterion was the reporting of statistical parameters (e.g., r, F, v 2 , Spearman-rho, t or R 2 , and sample size) on the relationship between at least one landscape metric and one landscape function, or the partial contribution of at least one landscape metric. In some cases, we extracted and carefully reanalyzed the original raw data. When primary studies reported data in figures, we digitized them and extracted raw data using the Image J software version 1.46 (Schneider et al. 2012 ).
Landscape explanatory variables
The present study used landscape complexity variables, primarily those related to increasing the amount, spatial heterogeneity, and landscape connectivity of natural and semi-natural areas as predictors for explaining ecosystem services. These explanatory variables were grouped into four major groups according to the patterns they measured: (a) percentage of natural areas; (b) percentage of non-crop areas; (c) landscape aggregation, which ''refers to the tendency of patch types to be spatially aggregated; that is, to occur in large, aggregated or 'contagious' distributions'' (MacGarigal et al. 2012) ; and (d) landscape heterogeneity, which refers to the degree of heterogeneity of landscape elements, including metrics such as diversity, evenness and richness indexes for natural and semi-natural land cover classes, and for the entire landscape (see example and metric definitions in MacGarigal et al. 2012; Fig. 1 ). Additionally, landscape aggregation was also subdivided into: (c1) landscape connectivity-metrics related to the proximity/connectance of landscape natural elements; and (c2) landscape fragmentation-metrics related to the number of patches, edges, and the isolation of natural and semi-natural areas. By using these groups, it is possible to provide greater detail regarding manageable landscape characteristics that affect ecosystem services. The analyses in the present study evaluated the landscape metrics described in Fig. 1 . However, only the groups that had at least five independent comparisons were included in the meta-analyses. In relation to the landscape metrics of natural area fragmentation and percentage of crops, we used inverted values of the reported statistical data, as these metrics are considered inversely related to the positive ecological effects of landscape complexity.
Ecosystem service response variables
Many ecosystem services related to water quality have been described by Keeler et al. (2012) . Additionally, there is evidence to support landscape patterns influencing the provision of these services (Allan 2004) . As response variables, we grouped several water functions, which are collectively referred to as 'water quality-related services' in the present study. Furthermore, we followed the study of Keeler et al. (2012) and searched for articles reporting concentrations of nitrogen, phosphorus, and sediments (including suspended solids and turbidity) as indicators of water quality. Based on these findings, we then inverted the sign of results from the meta-analysis in order to understand the effects of landscape complexity on the water quality indicators more easily. The same approach was utilized to assess the service of disease control. This involved searching for primary studies reporting indicators of loss of disease control, such as disease prevalence, host and vector abundances, and infection levels. After the metaanalysis, the sign of its results was then inverted to assess the effects of landscape metrics on disease control indicators. To assess the service of pest control, two contrasting approaches were used. The first approach measured pest response through indicators related to pest abundance, richness, and damage. The second approach measured natural enemies' response through indicators such as natural enemy abundance, richness, diversity, and direct effects on pest reduction. As a result, two types of indicators of the effects of landscape complexity on pest control were available: one related to service providers (natural enemies) and other to disservice providers (pests). We also evaluated the service of pollination of agricultural areas using the abundance, richness, diversity, and effects of pollinators as indicators, as well as the service of aesthetic value using indicators from landscape preference studies.
For studies that exhibited a multi-scale approach (e.g., concentric radii to determine different landscapes) or multiple sampling seasons, we chose the most predictive scale or period of the year (following Chaplin-Kramer et al. 2011; Shackelford et al. 2013) . For primary studies yielding results in different years, we considered every year for which authors reported a change in land use/land cover. Furthermore, following Shackelford et al. (2013) , the mean of reported effect sizes for multi-subgroups of taxa was used (for example, spider families and bee genera).
Data analysis
Pearson product-moment correlation coefficients (r) were used as a measure of effect size, weighted by sample sizes for the meta-analyses. When studies did not report r values, the statistical results provided by the authors (F, v 2 , Spearman-rho, t or R 2 ) were converted to the correlation coefficient (r). All r values were then converted into Fisher's Z (Rosenthal and DiMatteo 2001) , as follows:
and the asymptotic variance of z was calculated as:
where n represents the sample size. Fisher's z transforms ranges from -? to ? ?, where negative values of z represent a negative effect, positive values of z represent a positive effect, and z = 0 represents no effect. We calculated the 95% confidence intervals around a cumulative effect size for each variable of interest. Moreover, we considered estimates of the true effect size to be significant if confidence intervals did not overlap with zero. We conducted all analyses using MetaWin software version 2.0 (Rosenberg et al. 2000) . In addition, we used mixed models to calculate the cumulative effect sizes (E ?? ) for each group of landscape metrics, assuming that studies within a group share a common mean effect and that both random variation and sampling variation exists within a group. Then, the average of z values was weighted by the inverse of their variance.
Once the effect sizes for each landscape metric and service were calculated, we examined total and group heterogeneity among effects by partitioning variance within groups and testing whether categorical landscape groups were homogeneous with respect to effect sizes. We used the Q-statistic, and total heterogeneity (QT) was partitioned into within-class heterogeneity (QW) and between-class heterogeneity (QB). Total heterogeneity (QT) was calculated as QT = R w i (E i -E ?? ) 2 , where w i is the reciprocal of the variance, E i is the effect size for each study, and E ?? is the cumulative effect size for the set of studies under evaluation. QT follows a Chi square distribution with k -1 degrees of freedom. Since we based our analyses on published studies alone, we checked for publication bias and the file-drawer problem by calculating Rosenthal's fail-safe number (Rosenthal and DiMatteo 2001) . This number determines the hypothetical number of missing or unpublished studies that, if added, would change the effects from significant to non-significant. If this number is sufficiently high (larger than 5k ? 10, where k = number of independent comparisons), the results can be considered robust despite publication bias.
Results
A total of 121 articles fit the inclusion criteria and were used in the meta-analyses. Following a critical review and evaluation of data available for analysis, the services described in the Ecosystem Services Response Variables section were those that data could be located for, which included: (a) water quality, (b) disease control, (c) loss of pest control by increase in pest response, (d) pest control by increase of natural enemies' response, (e) pollination, and (f) aesthetic value.
Studies addressing natural enemies' response represented c.a. 30% of the articles included in the present review (N = 36 articles), while 28% concerned water quality (N = 34), and 21% evaluated pollination services (N = 26), which was followed by pest response (N = 11), disease control (N = 8), and aesthetic value (N = 6). These selected studies generated 90, 327, 62, 40, 41, and 23 independent comparisons, respectively. Additional details regarding the primary data used for the present analyses is located in the supplementary material (Online Resource 1). Also, landscape complexity significantly influenced all services evaluated in this research, with the exception of disease control. The main results of each evaluated service are presented as follows:
• Water quality Our results indicate an increase of nearly 30% [Cumulative mean effect size (E ?? ) = 0.29, Confidence interval (CI) 0.24-0.32, degrees of freedom (df) = 327], with an increase in landscape complexity (Fig. 2a) . Furthermore, water quality varied significantly when various aspects of landscape metrics were evaluated (QB = 86.89, df = 3, P \ 0.001; • Disease control The effect of landscape complexity on this service was slightly positive, though not Fig. 2 Effects of the selected landscape-metric groups (see Fig. 1 for more information regarding the groups) on the following ecosystem services: a water quality, b disease control, c pest response, d natural enemies' response, e pollination, and f aesthetic value. Values in parentheses denote the total number of independent comparisons/total number of primary studies, respectively. Lines indicate the 95% confidence interval around the effect size for each group significant (E ?? = 0.04, CI -0.01 to 0.1, df = 40). Amongst the landscape metrics evaluated, the percentage of natural areas in the landscape had a significant and positive effect on this service (Fig. 2b) , enhancing disease control by approximately 20% (E ?? = 0.20, CI 0.07-0.33, df = 13) in areas with higher percentages of natural habitats. However, fail-safe values indicated that results were not robust (Table 1) and should be interpreted with caution. Furthermore, among the independent comparisons evaluated for disease control, heterogeneity analyses remained significant (QT = 154.60, P \ 0.0001), even after partitioning the mean effect into different landscape metrics.
• Pest response An evaluation of pest response data (Fig. 2c) indicated that the percentage of non-crop areas increased pest response by nearly 35% (E ?? = 0.33, CI 0.09 to 0.57, df = 17), though the percentage of natural areas surrounding agricultural areas did not influence the loss of pest control (E ?? = 0.08, CI -0.23 to 0.40, df = 10).
• Natural enemies' response With regard to pest control services by natural enemies, we determined that an increase in landscape complexity enhanced natural enemies' response by nearly 25% (E ?? = 0.23, CI 0.14-0.32, df = 89; Fig. 2d ). However, although this service was influenced homogeneously within different landscape-metric groups (QB = 5.85, P = 0.11, df = 3; Table 1 ), an increase in the percentage of natural habitats (E ?? = 0.35, CI 0.15-0.54, df = 22) and non-crop areas (E ?? = 0.30, CI 0.14-0.44, df = 32) had the strongest effects on natural enemies' responses.
• Pollination This service was 31% higher in complex landscapes (E ?? = 0.31, CI 0.21-0.42, df = 61; Fig. 2e ). The percentage of natural habitats increased this service by 41% (E ?? = 0.41, CI 0.22-0.58, df = 24), whereas landscape aggregation increased pollination by 29% (E ?? = 0.29, CI 0.11-0.45, df = 24). However, the effects of landscape-metric groups similarly influenced pollination (QB = 5.61, P = 0.13, df = 3; Table 1 ).
• Aesthetic value Relatively few studies evaluated aesthetic value (i.e., the perception of landscape as a cultural service) from a landscape perspective. Although this service increased due to landscape aspects such as heterogeneity (E ?? = 0.50, CI 0.10-0.90, df = 9; Fig. 2f ), it did not differ amongst landscape-metric groups (QB = 1.42, P = 0.49).
Evaluation of publication bias
For the majority of analyzed effects, fail-safe values were greater than 5k ? 10 (where k is the number of independent comparisons) ( Table 1) . For water quality, natural enemies' response, and pollination services, these values were relatively large, indicating the robustness of results on the mean effect, which suggests the absence of publication bias. Scatter plots of effect sizes against sample sizes for all services separately exhibited a typical funnel shape (Online Resource 2), indicating that studies with small sample sizes had a large dispersion of effect sizes around the Using Q statistics, total heterogeneity (QT) was partitioned into within-class heterogeneity (QW) and between-class heterogeneity (QB) following a Chi square distribution with k -1 degrees of freedom (df). The fail-safe number was calculated as NR = ([R z (pi)] true effect value, whereas studies with larger sample sizes tended to possess effect sizes around the true mean value.
Discussion
We determined that specific groups of landscape patterns influenced the provision of ecosystem services differently. Composition landscape metrics, as the percentage of natural or no-crop areas and landscape heterogeneity, influenced all services evaluated in the present research, while configuration metrics such as landscape aggregation influenced two services: pollination and water quality. Our hypothesis regarding landscape complexity was confirmed for water quality, pollination, both pest control indicators, and aesthetic value. Therefore, the role of landscape complexity on increasing the provision of different services suggests that the restoration of natural areas using a land-sharing perspective could be important for the provision of multi-ecosystem functions, which corroborates with results from Barral et al. (2015) . We highlight that water quality can correspond to several different services (Keeler et al. 2012) ; for example, safe drinking water, commercial fishing, and recreational benefits, among others. A reduction in agricultural areas generally increases water quality through the reduction of fertilizers and pesticides in water bodies. Moreover, increased areas of natural vegetation results in increased soil nutrients, as well as decreased erosion. In the context of riverscapes, the importance of increased connectivity, shown in this study, is due to increased natural riparian vegetation (Allan 2004) . Therefore, restoration programs should prioritize riparian areas in order to retain this set of ecosystem services.
Notably, both water quality and pest control by natural enemies' indicators exhibited a trade-off with food production services, as measured by the percentage of crop area. However, landowners and society could benefit from an increase in natural areas in rural regions, which consequently carries improved ecosystem services. For example, landowners could benefit from restoration strategies that increase habitat for natural enemies on their lands (Chaplin-Kramer et al. 2011) , or water for irrigation of their crops. Therefore, land managers should consider the creation of mechanisms that lead to greater landowner cooperation on actions that improve landscape conservation and the provision of desired ecosystem services (Goldman and Tallis 2009 ).
This study also revealed that the reduction of crop areas (or increase in the non-crop percentage) could increase the loss of pest control due to greater pest abundance, richness, and/or damage. This study follows Tscharntke et al.'s (2016) hypotheses to this apparent contradiction, which stated that ''the relative importance of natural habitats for biocontrol can vary dramatically depending on type of crop, pest, predator, land management, and landscape structure''. For example, many primary studies included in our review did not differentiate between organic or conventional agricultural strategies, or did not report if natural enemies were present in the study region. ChaplinKramer et al. (2011) determined that neither the percentage of natural non-crop vegetation nor the percentage of crops has significant effects on pest responses.
Similar to findings by Shackelford et al. (2013) , landscape complexity increased pollination service in the present study. This increase was primarily due to the percentage of natural areas, but also due to the positive relationship with landscape aggregation. Therefore, landscape managers should consider both restoration approaches in landscape planning processes for regions with naturally pollinated crops. Ricketts et al. (2008) and Garibaldi et al. (2011) also determined that the distance to habitat influences pollination services. Combined, these findings lend support to the theoretical design proposed by Brosi et al. (2008) , who suggested that, in order to increase pollination services in agricultural landscapes, there should be areas large enough to sustain pollinator populations, with other smaller natural areas within the crop matrix with distances not much greater than pollinators' foraging distances. Although we observed a significant effect of aggregation metrics on one fauna-related service (pollination), this did not fully confirm our primary hypotheses. However, a recent review by Fahrig (2017) suggests that ecological responses to fragmentation typically have other influences aside from landscape structure.
With regard to disease control, although landscape configuration has an important and significant impact, the determined fail-safe value was insufficiently robust. Additionally, articles related to disease control services were difficult to locate using our research method. Relatively few studies evaluated the impacts of landscape structure on epidemiological processes, though other reviews indicate that the integration of landscape ecological and epidemiological knowledge can be fruitful (e.g., Elliott and Wartenberg 2004; Graham et al. 2005; Ostfeld et al. 2005; Killilea et al. 2008 ). As disease risk and incidence are related to the communities and dynamics of their pathogens, vectors, reservoirs or hosts, the configuration and composition of landscapes has the potential to influence them, making this type of information useful for landscape managers in regions with high disease risk (Prist et al. 2017) .
Notably, landscape heterogeneity had an important effect on the perception of aesthetic value reported by the interviewees in the selected studies, which confirms our hypothesis. However, due to the small sample size available (only six studies), this result was insufficiently robust. Although many other articles have studied this landscape service, their data was not adequately reported for inclusion in our meta-analysis. However, the conclusions of these excluded articles are similar in that landscape heterogeneity is important to peoples' perception of aesthetic value (e.g., Dramstad et al. 2001; De Groot and Van Den Born 2003; Franco et al. 2003; Sang et al. 2008; Herbst et al. 2009; Ode and Miller 2011; Frank et al. 2013; Surová et al. 2014) . Furthermore, increased aesthetic value has the potential to increase satisfaction through regional tourism, and offers other spiritual and cultural benefits for society.
Overall, these meta-analyses reinforce the importance of considering landscape structure on assessing ecosystem services for management purposes and decision-making. The magnitude of landscape effect varies according to the landscape metrics and services. Therefore, the results presented in the present study advance our understanding of landscape patterns, and offer guidance for land management activities regarding the provision of landscape services. Land managers must account for landscape composition and configuration in ensuring that services are maintained, and adapt their approach depending upon the relevant focal services.
